INTRODUCTION
============

In Taiwan, hepatocellular carcinoma (HCC) has been the second leading cause of death.^[@R1]^ The etiology of HCC in Taiwan differs from that in the West because HCC is increasingly being associated with hepatitis B virus (HBV) infections in Asia.^[@R2]^ Because HBV infections are endemic to Asia, more than 80% of HCC cases are encountered in this region.^[@R2]^ A considerable section of the population is at the risk of chronic liver disease and therefore HCC. Several Asia countries lack effective screening programs; therefore, the majority of HCC patients are diagnosed at an advanced stage, making treatment challenging. Palliative therapy is the first-line treatment for such patients. In the current era, numerous options are available for the palliative management of HCC. Potentially curative HCC treatments include surgical resection, liver transplantation, and local ablation; however, \<20% of HCC cases receive these treatments, specifically those with early-stage disease, compensated liver disease, or few comorbidities.^[@R3],[@R4]^ In addition to surgery, therapeutic modalities, such as percutaneous ethanol injection (PEI) and radiofrequency ablation (RFA) are potentially curative. *Curative* usually implies complete local control of the original lesion. Radiotherapy, chemotherapy, and liver transarterial chemoembolization (TACE) are *palliative* (ie, incomplete local control of the original lesion).^[@R4]^ However, most patients in Taiwan receive palliative treatment at presentation because of poor liver function, bilobular HCC, invasion of the major vessels, overt extrahepatic metastases, and underlying complicated comorbidities.

Statins have been reported to reduce HCC risks in HBV and HCV carriers.^[@R5],[@R6]^ However, statin is widely adopted for its preventive effects and not for treatment or additive effects with other medical treatments. Numerous epidemiologic studies have reported the chemopreventive effects of statins on HCC risk, and basic studies have reported their anticancer effect on HCC cells and animal models.^[@R2],[@R5]--[@R9]^ However, currently, no clinical or epidemiologic data clarifying the effect of statins and palliative treatments, such as palliative radiotherapy, chemotherapy, and TACE, are available. If HCC patients cannot receive curative treatments (eg, liver transplantation, RFA, PEI, and surgery), statin use might be a viable option. Whether statin use exerts an additive effect with other palliative treatments remains unclear. Furthermore, the group of patients who can benefit from statin use and the recommended dosage for effective treatment both warrant clarification. To address these topics, our study estimated the effect of statin use in HCC patients who received palliative treatment. Davila et al reported that globally, \>70% of HCC patients do not receive curative treatments.^[@R4]^ Alternative treatments include palliative treatments, such as TACE, chemotherapy, and radiotherapy. Survival benefits can be achieved through palliative treatments, although a complete response and tumor ablation are impossible.^[@R4],[@R10],[@R11]^ Thus, identifying a safe, additive therapeutic drug exerting palliative effects is critical for HCC patients.

PATIENTS AND METHODS
====================

Two cohorts were formed from the combined data of the Taiwan National Health Insurance (NHI) database and cancer registry databases. These two databases cover approximately 99% of the entire population of Taiwan. We included HCC patients treated between January 1, 2001, and December 31, 2010, and followed them from the index date to December 31, 2012. The NHI Bureau releases research-oriented data sets, comprising all original claims data and registration files of the beneficiaries, through the Collaboration Center of Health Information Application (CCHIA). Taiwan launched the CCHIA program in 1995, and 99% of the population was covered by the end of 2012. The CCHIA thus allows researchers to trace medical service utilization by HCC patients in Taiwan. Abundant cancer-related information, such as the clinical stage, treatment modalities, pathological data, death from specific diseases, chemotherapy regimens, and concurrent or sequential chemotherapy or radiotherapy, is available in the cancer registry database. The enrolled patients were verified by the NHI and CCHIA, and the newly diagnosed HCC patients had no other cancers or distant metastasis. Data of patients or care providers are released to researchers after scrambling. Data are guarded by the encryption and individual identification is almost impossible. Agreement is necessary for all researchers who want to use NHI/CCHIA and demonstrate no intention to obtain information that could be potentially against the privacy of care providers or patients. The inclusion criteria were presence of HBV carrier-related HCC (International Classification of Diseases, Ninth Revision, Clinical Modification \[ICD-9-CM\] 070.2, 070.3, and V02.61 for hepatitis and 155.0 and 155.2; International Classification of Diseases for Oncology, Third Edition, C22.0 and C22.1 for cancer), age \>20 years, and having received TACE, radiotherapy, or chemotherapy as palliative treatment. All HBV patients without a subsequent outpatient or emergency visit for a diagnosis of HBV within 12 months were excluded because they were considered to not have chronic hepatitis. In addition, non-HBV-related HCC cases were analyzed. The initial date of the first palliative treatment was considered the index date of HCC for HCC patients. The exclusion criteria were cancer diagnosis before HCC was confirmed, surgery, liver transplantation, RFA or PEI as curative treatment, missing sex-related information, HCC diagnosis before HBV, and age \<20 years. We enrolled 20,200 HCC patients and categorized the HCC patients who received palliative treatment into statin and nonstatin users. The index date of statin use was the date of HCC confirmation. The aim of our study was to evaluate the effects of statin use in HCC patients who received palliative treatment such as TACE, chemotherapy, and radiotherapy. The primary endpoint was disease-free survival, and secondary endpoints were survival benefits if statins were used in HBV- or non-HBV-related HCC. The defined daily dose (DDD), recommended by the WHO, is a measure of the prescribed drug amount. DDD is the assumed average maintenance dose per day of a drug consumed for its main indication in adults.^[@R12]^ To examine the dose--response relationship, because the duration of the refill card was 3 months, we categorized statin and metformin use into 4 groups in each cohort (\<28, 28--90, 91--365, and \>365 cumulative \[c\]DDD). Patients who received \<28 cDDD were defined as nonstatin users.^[@R13]^

Possible confounding factors were the following comorbidities: HBV (ICD-9-CM 0702 and 0703 and A-CODE V0261), HCV (ICD-9-CM 07041, 07044, 07051, and 07054, and A-CODE V0262 and 0707), other viral hepatitis (A-CODE V0269), alcohol-related diseases (ICD-9-CM 291, 303, 305, 5710, 5711, 5712, and 5713, and A-CODE A213, A215, and A347), acute coronary syndrome (ICD-9-CM 410-414), cerebrovascular accident (ICD-9-CM 430--438), chronic obstructive pulmonary disease (COPD, ICD-9-CM 490-496), diabetes mellitus (ICD-9-CM 250 and A-CODE A181), liver cirrhosis (ICD-9-CM 571.2, 571.5, 571.6, 572.2, 572.3, 572.4, 572.8, and 573.0), liver failure (ICD-9-CM 570), renal failure (ICD-9-CM 584--586), hypertension (ICD-9-CM 401--405), hyperlipidemia (ICD-9-CM 272.0--272.2), and peptic ulcers (ICD-9 531--534). Comorbidities before and after 6 months of the HCC index date, classified according to the main diagnosis code on the first admission or \>2 repeated diagnoses in the outpatient department, were included. In addition, the analyses were stratified by and adjusted for age, sex, American Joint Committee on Cancer (AJCC) clinical cancer stage, comorbidities, and the use of metformin, aspirin, acetylcholinesterase (ACE) inhibitors, and anti-HBV or HCV drugs.

The cumulative incidence of death was estimated using the Kaplan--Meier method, and statin use and nonuse were compared using a log-rank test. Cox proportional hazard regression was used for calculating the hazard ratios (HRs) of death among HBV-related HCC patients receiving palliative treatment with and without statin use. In the multivariate analysis, the HRs were adjusted for age, sex, baseline comorbidities, clinical stage, and the use of metformin, aspirin, ACE inhibitors, anti-HBV, or anti-HCV drugs. The effect of statin use was stratified and analyzed for HBV- and non-HBV-related HCC patients of similar age and clinical stage. All analyses were performed using SAS version 9.3 (SAS, Cary, NC). Two-tailed *P* \< 0.05 was considered statistically significant.

RESULTS
=======

The median follow-up duration was 1.66 years (interquartile range, 0.81). Furthermore, 1988 and 18,212 patients received palliative treatment with and without statin use, respectively (Table [1](#T1){ref-type="table"}). Mean patient age, follow-up duration, aspirin and metformin use, and the presence of severe comorbidities (eg, liver cirrhosis, hypertension, diabetes, COPD, acute coronary syndrome, and cerebral vascular disease) were all higher in the statin group than in the nonstatin group. HCC deaths (disease-specific survival) were significantly higher in the nonstatin group than in the statin group.
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Furthermore, we estimated the risks of HCC-specific and all-cause deaths according to both statin use status and HCC treatment stratified by the AJCC stage (Table [2](#T2){ref-type="table"}). HCC patients who received palliative treatment with statin use had a significant overall survival benefit in all stages compared with those who received palliative treatment without statin use. The relative risks (RRs) of all-cause death reduced in all stages in HCC patients who received palliative treatment with statin use compared with those who received palliative treatment without statin use (*P* = 0.0001, 0.0002, 0.0012, and 0.0002, and RR = 0.763, 0.775, 0.839, and 0.718, respectively, for stages I--IV). Among patients who received no palliative treatment, statin use alone did not reduce the risk of all-cause death in stages I, II, and IV. HCC-specific deaths among HCC patients who received palliative treatment with statin use were lower in all stages compared with those who received palliative treatment without statin use (*P* \< 0.0001, \<0.0001, \<0.0001, and =0.0054, and RR = 0.409, 0.445, 0.632, and 0.649, respectively, for stages I--IV; Table [2](#T2){ref-type="table"}). Among HCC patients who did not receive palliative treatment but received statin, HCC-specific deaths were not significantly low in advanced HCC stages III and IV. However, statin use alone in the early stages resulted in significant reductions in HCC-specific deaths compared with no palliative treatment and no statin use (*P* = 0.014 and 0.016, and RR = 0.465 and 0.418, respectively, for stages I and II).
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To understand the effect of statin use in HBV- and non-HBV-related HCC patients receiving palliative treatment, the HCC groups were classified into HBV- and non-HBV-related HCC cases (Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}, respectively). All-cause death in HBV-related HCC were analyzed, and our data demonstrated a significant decreasing trend (*P* for trend \<0.001) for aHRs in all stages for no palliative treatment, statin only, palliative treatment, and palliative treatment plus statin use (Table [3](#T3){ref-type="table"}). The aHRs of all-cause death were reduced in all stages in HCC patients who received palliative treatment with statin use compared with those who received no treatment (*P* \< 0.0001, \<0.0001, =0.0001, and \<0.0001 and aHR = 0.281, 0.274, 0.445, and 0.428, respectively, for stages I--IV). The aHRs of all-cause death increased with cancer stage and reduced with the use of advanced therapeutic modalities (*P* for trend \<0.0001). No significant differences were observed between patients with statin use and patients with no treatment among stage IV HBV-related HCC patients. For HCC-specific deaths, a decreasing trend (*P* for trend \<0.001) was observed in all stages with no treatment, statin use alone, palliative treatment, and palliative treatment plus statin use. The aHRs of HCC deaths were lower in all stages in HCC patients who received palliative treatment with statin use compared with those who received no treatment (*P* \< 0.0001, \<0.0001, =0.0001, and \<0.0001, and aHR = 0.116, 0.132, 0.385, and 0.403, respectively, for stages I--IV). The aHRs of HCC deaths increased with the cancer stage and reduced with the use of advanced therapeutic modalities (*P* for trend \<0.0001). Statin use alone in the early stages significantly reduced the number of HCC deaths compared with no treatment (*P* = 0.015 and 0.008, and aHR = 0.464 and 0.381, respectively, for stages I and II), and statin use alone significantly reduced HCC deaths in advanced stages III and IV in HBV-related HCC patients compared with no treatment. The outcomes in the non-HBV-related HCC patients were similar to those in the HBV-related HCC patients (Table [4](#T4){ref-type="table"}). Multiple therapeutic methods resulted in the lowest risks for all-cause and HCC-specific deaths. Advantages of multiple therapeutic methods were distinct in the early stages. The aHRs of all-cause death reduced in all stages in HCC patients who received palliative treatment with statin compared with those who received no treatment (*P* \< 0.0001, \<0.0001, =0.0001, and \<0.0001, and aHR = 0.285, 0.347, 0.476, and 0.489, respectively, for stages I--IV). The aHRs of all-cause death increased with the cancer stage and reduced with the use of advanced therapeutic modalities (*P* for trend \<0.0001). The aHRs of HCC-specific deaths were lower in all stages in HCC patients who received palliative treatment with statin use compared with those who received no treatment (*P* \< 0.0001, \<0.0001, =0.0001, and \<0.0001, and aHR = 0.144, 0.210, 0.364, and 0.420, respectively, for stages I--IV). The aHRs of HCC deaths increased with the cancer stage and reduced with the use of advanced therapeutic modalities (*P* for trend \<0.001). Differences in HBV-related HCC and non-HBV-related HCC deaths were only observed with statin use. In non-HBV-related HCC deaths, even in early stage II HCC, statin use alone did not significantly reduce HCC deaths. Statin use alone in non-HBV-related HCC cases reduced HCC deaths by 36% in stage I (Table [4](#T4){ref-type="table"}). For HBV-related HCC patients in stages I and II, statin use alone reduced HCC deaths by \>50% (Table [3](#T3){ref-type="table"}).
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In HCC patients who received palliative treatment with statin use, the palliative treatments may have contributed to high overall and disease-specific survival rates (Fig. [1](#F1){ref-type="fig"}A and B). The 5-year overall rate increased from 9% to 38% (log-rank test *P* \< 0.0001) in HCC patients who received palliative treatment with statin use compared with those who received palliative treatment without statin use. The 5-year disease-specific survival rate increased from 44% to 83% (log-rank test *P* \< 0.001) in HCC patients who received palliative treatment with statin use.

![(A) Adjusted overall survival curves for hepatocellular carcinoma patients (statin vs. no statin use). (B) Adjusted disease-specific survival curves for hepatocellular carcinoma patients (statin vs. no statin use).](medi-94-e1801-g005){#F1}

DISCUSSION
==========

Curative treatments in Taiwan are received only by a minority of HCC patients; the majority receive palliative treatments,^[@R3],[@R4]^ the survival benefits of which have been reported by numerous studies.^[@R14]--[@R16]^ Because these medical modalities (TACE, radiotherapy, and chemotherapy) are palliative, the true survival benefits remain unclear. HCC has a high incidence of local recurrence, necessitating complex, and multiple treatments for HCC patients. Most HCC patients repeatedly receive different palliative treatments; single palliative treatments for HCC patients are rare. For example, the efficacy of TACE is limited by vascular shunting, recanalization around the tumor capsule, and the development of multiple feeding vessels. TACE is repeated to overcome these limitations.^[@R17]^ However, it frequently results in the outgrowth of HCC refractory to TACE. In such a state, chemotherapy or radiotherapy may be necessary.^[@R11],[@R17]^ Meng et al^[@R11]^ reported that TACE combined with radiotherapy was therapeutically more beneficial and that it significantly improved the survival and tumor responses of patients than TACE alone. Hence, we grouped all palliative treatments into a single group called *palliative treatment*. Identifying a safe and additive therapeutic drug for these palliative treatments would help HCC patients achieve superior survival and tumor control. Statins might be a chemopreventive regimen for reducing HBV- and HCV-related HCC risks, but their therapeutic effects are unknown. According to a review of relevant literature, this is the first article on the therapeutic effects of statin use alone and palliative treatment with and without statin use.

The mechanism through which statin use decreases the HCC risk in patients is unknown; possible mechanisms are inhibiting downstream products of the mevalonate pathway,^[@R18]--[@R21]^ triggering tumor-specific apoptosis,^[@R22]^ inhibiting the proteasome pathway,^[@R23]^ and inhibiting cholesterol synthesis and HBV and HCV replication.^[@R24],[@R25]^ On the basis of these basic theories, clinical and epidemiologic data were generated.^[@R9],[@R13],[@R26]^ Many studies have demonstrated the chemopreventive effect of statins in lowering both HBV- and HCV-related HCC risk.^[@R2],[@R5],[@R6],[@R27]^ However, few studies have reported the therapeutic effect of statin use in HCC patients. The effect of statin use alone for HCC treatment is not clearly understood. In our study, statin use alone for early stage HCC exerted a therapeutic effect (Table [2](#T2){ref-type="table"}). The therapeutic effect of statin use alone might have been more distinct in HBV-related HCC patients than in HCV-related HCC patients (Table [3](#T3){ref-type="table"}). HCC deaths reduced by \>50% in HBV-related HCC patients (Table [3](#T3){ref-type="table"}), and in non-HBV-related HCC, statin use alone resulted in a \>30% reduction in HCC deaths (Table [4](#T4){ref-type="table"}), implying that among HCC patients with multiple underlying diseases who cannot tolerate TACE, chemotherapy, or radiotherapy, statin use solely might be helpful in the early stages. Statin use in HBV-related HCC had a superior therapeutic effect. For advanced-stage HCC patients, statin use alone was insufficient to reduce HCC deaths; other palliative treatments should be considered for reducing such HCC deaths. To our knowledge, this is the first article on the advantages of statin alone for HBV-related early-stage HCC patients.

Few studies have examined the combination of statin use with palliative treatment, such as radiotherapy, chemotherapy, and TACE. Only one randomized controlled trial reported that statin use with TACE or systemic chemotherapy significantly contributed to survival.^[@R28]^ Statin use with TACE might prolong the survival of patients with advanced HCC. These results are compatible with those of the present study (Tables [2](#T2){ref-type="table"}--[4](#T4){ref-type="table"}); the only difference was that our palliative treatment included radiotherapy. With radiotherapy, statin use enhances radiation, inhibits cancer cell motility, and improves survival, as has been demonstrated in prostate and rectal cancers and glioblastoma multiforme.^[@R29]--[@R36]^ Data on the additive effect of statin in HCC patients who receive radiotherapy is lacking. Although our outcomes cannot denote the radiation-enhancing effect on HCC, our indirect evidence reveals that statin use and radiotherapy might exert an additive effect against HCC.

In Table [1](#T1){ref-type="table"}, the presence of comorbidities was higher in the statin group than in the other groups. Theoretically, the statin group might have a shorter survival time compared with the nonstatin group because of the high number of underlying diseases. Even with the presence of severe comorbidities, such as liver cirrhosis, hypertension, diabetes, COPD, acute coronary syndrome, and cerebral vascular disease, the overall and disease-specific survival rates were higher in the statin group than in the nonstatin group. Thus, the therapeutic effects of statin use were underestimated in our analysis; statin use should be more effective in individuals with HCC lacking comorbidities. Randomized clinical trials in HCC populations who receive palliative treatment with statin use are thus warranted.

Palliative therapeutic modalities with statin use were more effective for reducing HCC deaths compared with palliative treatment without statin use (Table [2](#T2){ref-type="table"}), particularly in the advanced stages (stages III and IV). Association of palliative treatment with reduced mortality in our study was similar to the results of Davila\'s study.^[@R4]^ In HCC patients who received only statin, HCC-specific deaths did not reduce significantly in HCC stages III and IV. Thus, statin alone is insufficient, rendering patient selection for sole statin use critical. No significant differences were observed in the different treatment modality groups, irrespective of whether they received no treatment, statin use only, palliative treatment, or palliative treatment with statin use, when stratified by clinical state (Table [3](#T3){ref-type="table"}). Our data demonstrated a significant decreasing trend (*P* for trend \<0.0001) of aHRs in all stages with no treatment, statin use only, palliative treatment, and palliative treatment plus statin use. Multiple therapeutic methods resulted in low risks of all-cause or HCC-specific deaths. Advantages of multiple therapeutic methods were distinct in the earlier stages. The aHRs of all-cause and HCC-specific deaths increased with the cancer stage and reduce with the use of advanced therapeutic modalities (*P* for trend \<0.001; Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}). Differences in HBV- and non-HBV-related HCC were observed with statin use alone. In non-HBV-related HCC, including early stage II HCC, sole statin use did not significantly reduce HCC deaths. Statin use alone in non-HBV-related HCC reduced HCC deaths by 36% in stage I (Table [4](#T4){ref-type="table"}). For HBV-related HCC patients, statin use alone in stages I and II reduced HCC deaths by 50% (Table [3](#T3){ref-type="table"}). Yielding a highly reduced mortality, the therapeutic effect of statin use was stronger in HBV-related HCC patients. Overall survival with statin use combined with palliative treatment remained low after 5 years, a result attributable to old age and severe comorbidities in the statin group (Fig. [1](#F1){ref-type="fig"}A). For disease-specific survival, the survival curve plateaued after 5 years (Fig. [1](#F1){ref-type="fig"}B). Thus, statin use with palliative treatment might be a curative treatment in selected patients.

Use of multiple therapeutic methods resulted in the lowest mortality risk. The aHRs of all-cause and HCC-specific deaths increased with the cancer stage and reduced with the use of advanced modalities (*P* for trend \<0.0001). Palliative treatments with statin use are valuable for inoperable and unresectable HCC patients, and their use highly reduced the mortality risk in the early cancer stages. If HCC patients are extremely weak and unable to tolerate radiotherapy, TACE, or chemotherapy, statin use alone in the early stages (stages I and II) can exert a therapeutic effect, particularly in HBV-related HCC patients (\>50% reduction in HCC deaths). Statin use contributed to overall and disease-specific survival effects with palliative treatment (Fig. [1](#F1){ref-type="fig"}A and B) and prolonged the survival of patients with advanced HCC, which is indicative of its efficacy as an adjuvant treatment. The 5-year overall rate increased from 9% to 38% (log-rank test *P* \< 0.0001) in HCC patients who received palliative chemotherapy, radiotherapy, or TACE with statin use compared with those who did not receive statin. The 5-year specific survival rate increased from 44% to 83% (log-rank test *P* \< 0.0001) in HCC patients who received palliative treatment and statin use.

A limitation of this study is that the actual statin dose and duration were not measured; therefore, the actual dose--response effect was unclear. In addition, statins were not analyzed by type; thus, the potential effects of specific statins remain unknown. A large randomized trial with a suitable regimen in well-selected patients for comparing standard approaches is required to obtain such information. Moreover, the diagnoses of HCC and all other comorbidities were completely dependent on the ICD codes. Nevertheless, the enrolled patients were all confirmed by the NHI and CCHIA, and the NHI Bureau and CCHIA randomly review charts and interview patients to validate the diagnoses. Hospitals with outlier diagnoses and practices may be audited and subsequently be heavily penalized if malpractice and discrepancies are discovered. Another limitation is that the databases contain no information on tobacco use, alcohol consumption, dietary habits, socioeconomic status, educational level, and the body mass index, all of which may be risk factors in the survival analysis. However, given the magnitude and significance of the observed effects, these limitations are unlikely to have compromised the results.

In summary, palliative treatments are critical for HCC patients, and multiple therapeutic methods combined with statin use yielded the lowest mortality risk. Statin use prolonged the survival of patients with advanced HCC who received palliative treatment, which is indicative of its value as an adjuvant treatment. Palliative treatment with statin use in early-stage HCC presented the highest reduction in deaths and is more effective than other treatment options. For patients who cannot tolerate palliative treatments, statin use alone might be a possible mortality-reducing drug, particularly in HBV-related early-stage HCC patients (\>50% reduction in HCC deaths).

Abbreviations: AJCC = American Joint Committee on Cancer, CCHIA = Collaboration Center of Health Information Application, HRs = hazard ratios, ICD = International Classification of Diseases, NHI = National Health Insurance, PEI = percutaneous ethanol injection, RFA = radiofrequency ablation, RT = radiotherapy, TACE = transarterial chemoembolization.
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